Spatiotemporal brain activation profiles were obtained from 27 middle school students experiencing difficulties in reading comprehension as well as word-level skills (RD) and 23 age-and IQ-matched non-reading impaired students during performance of an oral pseudoword reading task using Magnetoencephalography (MEG). Based on their scores on standardized reading fluency tests 1 year later, students with RD who showed significant improvement were classified as Adequate Responders (AR) whereas those not demonstrating such gains were classified as Inadequate Responders (IR). At baseline, activation profiles of the AR group featured increased activity in the left supramarginal and angular gyri, as well as in the superior and middle temporal gyri, bilaterally compared to IR. The degree of activity in these regions was a significant predictor of the amount of subsequent gains in reading fluency. These results extend previous functional brain imaging findings of beginning readers, suggesting that recruitment of brain areas that typically serve as key components of the brain circuit for reading is an important factor in determining response to intervention in older struggling readers. (JINS, 2011, 17, 875-885) 
INTRODUCTION
The majority of functional brain imaging studies on students with reading difficulties (RD) concur in demonstrating reduced neurophysiological and hemodynamic activity in posterior temporal and inferior parietal regions of the left hemisphere (e.g., Shaywitz et al., 2002; Simos, Breier, Fletcher, Bergman, & Papanicolaou, 2000; Simos et al., 2002 Simos et al., , 2005 Simos et al., , 2011 Temple et al., 2001) . Failure to engage these regions has been found early during reading development, often despite adequate classroom reading instruction and may serve as a predictor of the capacity of individual students to benefit from instruction (Gabrieli, 2009; Hoeft, Ueno, et al., 2007; Simos et al., 2005) .
With few exceptions, imaging studies have used relatively homogeneous community samples of elementary school children selected on the basis of low scores on standardized achievement tests indicating the presence of reading difficulties, primarily at the word level (decoding, word recognition, and fluency). In recent years, however, there is increasing interest on students who struggle with more complex (and educationally significant) areas such as reading comprehension. Such difficulties become more prominent as students enter middle school, when educational history and family environment interact in complex ways to compound any primary cognitive and language deficits. Such diverse cognitive and social factors may limit the potential for functional plasticity in response to remedial instruction at both the cognitive and neurophysiological levels. One of the main research questions addressed in the present study is whether signs of adequate engagement of the neurophysiological processes typically supporting reading automaticity predict individual capacity to benefit from remedial instruction Correspondence and reprint requests to: Roozbeh Rezaie, Department of Pediatrics, Children's Learning Institute, University of Texas Health Science Center at Houston, Houston, Texas, 77030 USA. E-mail: roozbeh. rezaie@uth.tmc.edu among students who face a variety of interacting socioeconomic, cognitive and linguistic adversities. The study investigated features of reading-related brain function during performance of a speeded phonological decoding task associated with the capacity of individual struggling readers to benefit from small-group remedial instruction. The primary target group consisted of 27 students recruited from a larger Grade 6-8 educational study as being at-risk for further academic failure in part because of poor reading comprehension performance, while also scoring below grade level on standardized decoding assessments. These children received remedial instruction focusing on reading fluency, vocabulary, and reading comprehension skills.
Source current density maps of neurophysiological activity were obtained at the beginning of the study on a readingaloud task involving relatively rapid presentation of threeletter pseudowords. Selection of stimuli maintained decoding demands relatively low to prevent floor effects in individual in-scanner performance, while attempting to simulate the demands for rapid processing of print that appears to be critical for effective text comprehension (e.g., Jenkins, Fuchs, van den Broek, Espin, & Deno, 2003; Kim, Petscher, Schatschneider, & Foorman, 2010; Yovanoff, Duesbery, Alonzo, & Tindal, 2005) . The degree of response to educational remediation for each student was determined based on 1-year follow-up reading assessments, and individual differences in neurophysiology were then examined using spatiotemporal activation profiles obtained at baseline (pre-intervention).
In comparison to a group of 23 children comparable in age and IQ who scored in the average range on reading measures, we hypothesized that the activation profiles of students who later demonstrated positive response to intervention would show adequate engagement of temporo-parietal and inferior parietal regions in the left hemisphere, resembling those of typically achieving readers. In contrast, pre-intervention profiles for inadequate responders would closely resemble those typically observed in previous imaging studies in children with RD. In addition, it was predicted that degree of activity in these regions would correlate strongly with the amount of gains made by individual students post-intervention. Given the nature of the task, we predicted that these associations would be stronger for achievement measures which mainly assess phonological decoding automaticity, rather than measures of word reading fluency.
METHOD Participants
The current sample included 27 adolescent struggling readers who did not pass the school-administered Texas Assessment of Knowledge and Skills (TAKS), a criterion-referenced reading comprehension assessment that represents the state accountability test. These individuals were volunteers, who met the selection criteria specified below, from the treatment groups of an intervention study designed for students in Grades 6-8 . While all of the , 450 struggling readers who received intervention were invited and actively recruited to participate through letters to parents and follow-up phone calls, response rates for imaging studies in school-identified samples are typically very small (e.g., Meyler, Keller, Cherkassky, Gabrieli, & Just, 2008; Simos, Fletcher, Sarkari, Billingsley-Marshall, et al., 2007) . In this study, many parents did not respond to the letter of invitation and did not have accurate contact information at the school. We also required scores below the 25 th percentile (standard score of 90) on the Phonetic Decoding (pseudoword) Efficiency subtest of the Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, & Rashotte, 1999) , a norm referenced word reading fluency assessment, because the TAKS cannot be used as a pre-post measure and relatively few of the children in the larger intervention study had reading difficulties restricted to reading comprehension. This measure was adopted given its close similarity to the activation task used in the present study (speeded naming of pseudowords) with respect to the component operations involved.
Individual differences in response to intervention were assessed on a group basis using change in standard score on the TOWRE Phonetic Decoding Efficiency subtest between baseline and 1-year follow-up visit (a 7-point difference cutoff was used). Sixteen children were classified as Adequate Responders (AR group), demonstrating a mean improvement on the TOWRE composite of 15 6 4 points (range, 7 to 25 points), and 11 as Inadequate Responders (IR group), improving on average by only 0.7 6 5 points (range, 24 to 6 points). Other studies of elementary school children have demonstrated that the TOWRE reliably detects changes in responder status (Fletcher et al., in press) .
At follow-up three students in the AR group still read at or below the 25th percentile on the TOWRE Phonetic Decoding efficiency subtest, but all demonstrated significant changes in pseudoword fluency performance. The majority of AR students also showed strong gains on sight word reading fluency, indicated by difference scores on the corresponding TOWRE subtest averaging 8 6 6 points. Number of points gained on this subtest ranged between 1 and 18 for this group, with only one student scoring below the 25th percentile at follow-up. All but one student in the IR group maintained scores lower than the 25th percentile post-intervention on both TOWRE subtests. Supporting the responder status grouping, we found significant Session (Baseline, Followup) Table 1 displays demographic and psychoeducational information for each of the three groups of participants, which were comparable on age and handedness. On average (and as expected), NI students scored higher on the IQ measures than each of the two RD sub-groups, although these differences did not reach statistical significance. There was also a tendency for a higher proportion of boys than girls in the NI group, and a significantly higher proportion of minority students in both RD sub-groups as compared to the NI group. As expected, both RD sub-groups scored significantly lower than the NI group on measures of reading and spelling, but did not differ from each other on these measures.
Presence of symptoms indicative of ADHD was assessed by means of the Child Behavior Checklist Parent Form (CBCL; Achenbach, 1991) or the Inattention and HyperactivityImpulsivity scales of the teacher-completed Strengths and Weaknesses of ADHD symptoms and Normal Behavior (SWAN; Swanson et al., 2005) . All participants had T scores , 55 on the former scale or a mean score lower than 1.67 on the latter scale, indicating low risk for ADHD (Chen, Faraone, Biederman, & Tsuang, 1994) . In addition to not having scores on the CBCL or SWAN in the clinically significant range, none of the participants had a clinical diagnosis of ADHD.
Materials and Procedure

Intervention
Students in the larger intervention study (n , 450) were randomly assigned to receive intervention in either large groups of 10-15 students or small groups of approximately 5 students. Since both groups received the same intervention and the results did not indicate an effect of group size , we collapsed across these interventions to maximize the sample size. For the interventions, the instruction took place for 45-50 min per day (regular class period) throughout the school year (September to May). Three phases of instruction composed the yearlong intervention. In Phase I (approximately 7-8 weeks), word study and fluency were emphasized, with additional instruction provided in vocabulary and comprehension. Phase II (approximately 17-18 weeks) emphasized vocabulary and comprehension, with additional instruction and practice in the application of the word study and fluency skills and strategies learned in Phase I. Phase III (8-10 weeks) continued the instructional emphasis on vocabulary and comprehension, with more time spent on independent student application of skills and strategies. The results of the study demonstrated relatively small effects across a range of measures of decoding, fluency, and comprehension compared to a business as usual comparison group , which is consistent with most large-scale studies of secondary school students (Vaughn & Fletcher, in press ). However, many students made reading gains from pre-to post-test, which is the focus of the present study.
Imaging task
The current imaging study was performed in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the University of Texas Medical SchoolHouston. All participants provided informed consent and were financially compensated for their time. Each participant was tested on a pseudoword reading task involving threeletter pronounceable non-words (e.g., lan), presented at a relatively high rate of 1 s (duration) with a randomly variable interstimulus interval of 3-4 s. A total of 100 stimuli were presented, randomly arranged in four blocks of 25 items each, through a Sony LCD projector (Model VPL-PX21) on a back-projection screen located approximately 60 cm in front of the participant. Letter strings subtended 2.08 of horizontal visual angle. The task and stimuli were identical to those used in a recent large-scale MEG study on RD .
Imaging procedures. MEG recordings were obtained with a whole-head neuromagnetometer array (4D Neuroimaging, Magnes WH3600) consisting of 248 first-order axial gradiometer coils. The magnetic flux measurements were digitized at 250 Hz, filtered with a bandpass filter between 0.1 and 20 Hz and subjected to baseline adjustment (using the 150 ms prestimulus recording) and to a noise reduction algorithm that is part of the 4D-Neuroimaging software. The single-trial event-related field segments (ERFs) in response to 60-80 stimulus presentations, were averaged after excluding those containing eye movement or other myogenic or mechanical artifacts.
High-resolution brain MRIs were acquired on a Philips 3T scanner equipped with an 8 channel phase array head coil and SENSE (Sensitivity Encoding) technology. After a conventional scout sequence, a three-dimensional T1-weighted SPGR sequence was performed in the coronal plane to obtain whole brain coverage. Acquisition parameters of the 3D ultrafast gradient echo (turbo factor 5 2) were as follows: repetition time/echo time 5 6.5-6.7/3.04-3.14; flip angle 588; field of view 5 240 3 240 mm; matrix 5 256 3 256; slice thickness 5 1.5 mm, in-plane pixel dimensions (x, y) 5 0.94, 0.94 mm; number of excitations (NEX) 5 2.
To identify the intracranial origin of ERFs, the magnetic flux distribution at successive points (4 ms apart) was analyzed using a minimum norm model to obtain estimates of the time-varying strength of intracranial currents (MNE Software, v. 2.5; Hämäläinen & Ilmoniemi, 1994) . Estimated current sources were anatomically constrained by an MRIderived surface model of each participant's brain using the automated gyral-based labeling system of Desikan and colleagues (2006) in Freesurfer software (Dale, Fischl, & Sereno, 1999) . Minimum norm estimates attempt to reconstruct the intracranial sources of activity by identifying the smallest distribution of dipoles (e.g., minimum norm) that can account for the magnetic flux distribution recorded simultaneously over the entire head surface at successive time points. Minimum norm estimates have been shown to display adequate spatial resolution to distinguish nearsimultaneous adjacent cortical sources. Solving the inverse problem using the MNE method requires a cortical surface model which is created using automated extraction techniques. Actual estimation of the activity sources is derived by defining a solution source space, using a grid-spacing of several millimeters, to model each vertex (cortical patch) as a potential current dipole perpendicular to the cortical surface. The inverse solution is subsequently reduced to obtaining an estimate of the scalar distribution of dipole strength across current sources within orientation-specific cortical patches of approximately 3000 vertices covering the entire cortical surface. Co-registration of each MEG dataset with its corresponding MRI dataset was performed using an automated co-registration routine within the MNE Software suite.
Based on previous reports on the cortical areas that constitute major components of the brain mechanism for reading in children (e.g., Démonet, Taylor, & Chaix, 2004; Jobard, Crivello, & Tzourio-Mazoyer, 2003; Maisog, Einbinder, Flowers, Turkeltaub, & Eden, 2008; Schlaggar & McCandliss, 2007; Shaywitz & Shaywitz, 2006) , the following regions of interest (ROIs) were examined (in both hemispheres): superior (STG; BA 22) and middle temporal gyri (MTG; BA 21); supramarginal gyrus (SMG; BA 40); angular gyrus (ANG; BA 39); pars opercularis of the inferior frontal gyrus (IFG; BA 44); and fusiform gyrus (BA 37). Preliminary Equivalent Current Dipole modeling of magnetic activity using procedures described in detail elsewhere have indicated that these regions accounted for a vast majority (94%) of activity sources found in these regions (in both hemispheres) during phonological decoding tasks. Furthermore, this selection of ROIs excluded areas with weak evidence of serving as crucial components of the brain mechanism for reading pseudowords (such as BA46, BA47, BA19, and superior temporal sulcus). The anatomical extent of ROIs was determined automatically using the cortical map provided by Freesurfer (Desikan et al., 2006) . The program outputs a current estimate value for each voxel and each 4 ms time point. These values were then used to compute the two dependent measures used in the analyses outlined in the following paragraphs, namely: (1) the average current across all voxels defining each of the ROIs listed above and across all of the 4 ms time points comprising 7 successive 100 ms time windows (100-200, 200-300 ms, etc. up to 800 ms); and (2) the latency (in ms after stimulus onset) when the averaged current in a given ROI reached peak amplitude within the entire recording epoch.
Analytic approach
Statistical analyses addressed three main research questions: (1) Whether group differences existed in the degree of regional activity (with a focus on differences between IR and AR groups) and assess whether such differences were time-and hemisphere-dependent (i.e., more systematic for particular time windows and/or restricted to one hemisphere); (2) Whether group differences were present in peak latency; and (3) Whether activity in certain ROIs and time windows correlated with the degree of change in standardized reading fluency measures obtained at the 1-year follow-up.
To address the first research question, the average current for each 100 ms time window and each ROI were initially submitted to an analysis of variance (ANOVA) with Area (6), Hemisphere (2), and Time window (7) as the within subjects variables, and Group (3) as the between subjects variable. Significant four-way interactions involving Group were further evaluated by examining three-way (e.g., Time by Hemisphere by Group for each ROI) or two-way interactions (e.g., Time by Group or Hemisphere by Group for each ROI) which, if significant, were explored by testing Group simple main effects at each time window or hemisphere, respectively. To address the second question, a similar approach to ANOVA was performed, with Area, Hemisphere, and Peak latency (the time point in the ERF epoch when average MNE current reached peak value) as the within subjects variables, and Group as the between subjects variable. All ANOVA results were evaluated using the Huynh-Feldt method as a precaution against inhomogeneity of variance problems.
The third research question was addressed through a series of partial correlations between reading fluency difference scores (the difference between baseline and follow-up on 878 R. Rezaie et al.
TOWRE Sight Word Reading and TOWRE Decoding standard scores) and average current or peak latency in ROIs associated with significant group differences in previous analyses.
RESULTS
In-scanner Task Performance
Significant Group main effects (controlling for age) were found for performance on the pseudoword reading task, F(2,47) 5 17.58, p 5 .0001. Performance was significantly higher for the NI group (M 5 88.8; SD 5 8%), as compared to the AR (M 5 67.5; SD 5 19%) and IR groups (M 5 62.3; SD 5 18%), whereas the latter two groups did not differ from each other (p . .6).
MEG Data
Group differences in the degree of activity
The omnibus ANOVA revealed a significant Time by Hemisphere by ROI by Group interaction, F(60,1410) 5 1.54, p 5 .01, which was further explored by performing three-way ANOVAs (Time by Hemisphere by Group) separately for each ROI. As shown in Figures 1 and 2 , IR students displayed reduced degree of activity than both AR and NI students in two key areas of the brain circuit for reading: SMG and ANG in the left hemisphere. In addition, significantly reduced activity among IR students was found, bilaterally, in STG and MTG. In the latter ROIs, however, degree of activity did not vary systematically as a function of responder status, being smaller for IR as compared to NI students only (see Figure 3) . ANOVA effects which are described in more detail below were assessed at a 5 05/6 5 .0083. Figure 1 ). Pairwise tests showed that students in the NI group had higher degree of activity than IR students (p 5 .0001) in SMG, who also displayed reduced degree of activity than the AR group (p 5 .03) for the same region. A similar pattern of group differences was noted in ANG (p 5 .002 and p 5 .03, respectively).
Time by Group interactions were found in STG, F(12,282) 5 2.35, p 5 .008, h 2 5 .09 and MTG, F(12,282) 5 2.97, p 5 .003, h 2 5 .19. Follow-up ANOVAs revealed that significant Group differences, across hemispheres, were restricted to late time windows (300-600 ms) in STG, F(2,42) 5 9.32, p 5 .0001, h 2 5 .20, and MTG, F(2,42) 5 5.57, p 5 .007, h 2 5 .18. Pairwise group comparisons revealed that NI participants showed greater degree of activity than IR students in each of the two ROIs (p 5 .001 for STG and p 5 .008 for MTG; see Figure 3 ). No other pairwise comparisons came out significant (p . .4 in all cases). Finally, a Group main effect was found for pars opercularis, F(1,47) 5 6.18, p 5 .004, and follow-up pairwise tests showed that, throughout the recorded epoch, activity was significantly higher for the NI as compared to the other two groups (p , .02 for both comparisons), which did not differ from each other (p . .9). Significant hemisphere asymmetries (L . R) in the degree of activity were restricted to SMG, F(1,22) 5 36.51, p 5 .0001 between 200 and 500 ms and were noted only for the NI group (p . .3 for the other two groups). A nonsignificant tendency in the same direction was noted for ANG (p 5 .01). There were no significant differences in peak latency between the three groups.
Correlations between neurophysiological activity and reading ability
To preserve the temporal information that is inherent in the MNE time series data, Pearson correlation coefficients were computed between estimates of the magnitude of regional neurophysiological activity for each time window in each of the six ROIs and achievement standard difference scores (postintervention minus pre-intervention TOWRE Word reading efficiency and TOWRE Pseudoword reading efficiency scores). We used difference scores as opposed to post intervention scores to control for individual differences in baseline performance (both within and across subgroups). Initially, these analyses were conducted on the entire sample of students with RD regardless of RTI status (N 5 27). Table 2 reports significant coefficients (p , .003 to control for family-wise Type I error). Results of the correlational analyses were generally consistent with the findings of group differences in the degree of activity. Specifically, degree of activity in three left hemisphere regions (STG, SMG, and ANG) emerged as significant, positive correlates of subsequent response to intervention.
Given that there was substantial non-shared variance between word and pseudoword reading efficiency difference scores (as indicated by a moderate degree of linear association between the two measures, r(27) 5 .64), differences in the profiles of associations between each measure and MNE variables were possible. Inspection of Table 2 reveals that correlations for degree of activity in SMG and ANG were generally stronger, and covering longer latency windows, when computed with the amount of longitudinal change in TOWRE Decoding than those computed with TOWRE Sight Word reading efficiency difference scores. This finding was expected given the nature of the activation task (reading of pseudowords presented at a relatively rapid rate). Moreover, significant activation-performance associations involving activity in the left STG were restricted to the Decoding TOWRE subtest.
Careful examination of the distribution of individual scores in the univariate regression plots of Figure 4 suggests that most of the systematic covariance between reading fluency and MNE values was present among AR students. This impression was confirmed by the pattern of Pearson correlation coefficients computed separately for each of the two RD subgroups. The linear mapping of individual difference scores onto MNE measures was significant only among AR students. Corresponding coefficients among IR students ranged in the smallpositive to moderate-negative range, which was probably due to the restricted range of reading scores in this group. We also computed partial correlations, using each student's baseline reading score as a covariate, as a complementary strategy to control for autoregressive effects on reading measures, leading to the same general pattern of results.
Neurophysiological predictors of reading outcomes
As shown in Table 2 , three MNE variables correlated significantly with TOWRE Sight Word outcomes (pre-post difference scores): Degree of activity in SMG between 200 and 300 ms and also between 700 and 800 ms, and degree of activity in ANG between 200 and 300 ms (all in the left hemisphere). These measures showed only moderate intercorrelations (ranging between r 5 .45 and .60), and minimally correlated residuals (r , .2; when entered together in a preliminary multiple regression model as predictors of TOWRE Sight Word difference scores). The overall model was significant, Adj. R 2 5 .42, F(2,24) 5 6.11, p 5 .003, although individual regression coefficients did not reach significance: SMG 200-300 ms (b 5 .22; t 5 1,36; p . .1), SMG 700-800 ms (b 5 .28; t 5 1,70; p . .1), ANG 200-300 ms (b 5 .25; t 5 1,45; p . .1).
With respect to TOWRE Pseudoword Reading difference scores Table 2 lists six significant correlates, representing degree of activity in three left hemisphere temporo-parietal areas. Inspection of the intercorrelation matrix revealed that three of the six variables [SMG (400-500 ms), ANG (400-500 ms and 600-700 ms)] correlated very strongly with the remaining variables (r . .7). Two of the three variables were, in addition, associated with correlated residuals (r . .4) when all six measures were entered together as independent variables in a preliminary multiple regression model predicting TOWRE pseudoword reading outcomes. The final multiple regression model, after excluding these three variables was significant, Adj R 2 5 .50, F(2,24) 5 8.34, p 5 .0001. However, individual regression coefficients failed to reach significance: SMG 300-400 ms (b 5 .32; t 5 1.72; p . .1), ANG 200-300 ms (b 5 .30; t 5 1.55; p . .1), and STG 500-600 ms (b 5 .24; t 5 1.25; p . .1). The relatively small sample size and the relatively high covariances between predictors (.47 , r , .66) may account for this result. Thus, although each of the three MNE measures included in the final model showed a rather linear relationship with TOWRE Pseudoword Reading difference scores across RD sub-groups (as shown in the univariate regression plots in Figure 4) , results of the multiple regression analyses may only be considered as evidence for the joint contribution of pre-intervention degree of activity in temporo-parietal regions in affecting reading outcomes.
DISCUSSION
The main outcome of the present study was that adequate engagement of left hemisphere temporo-parietal and inferior parietal regions during phonological decoding predicted response to intervention at a 1-year follow-up assessment. This observation is supported by two sets of findings: (1) the degree of pre-intervention activity in these regions (left SMG, STG, and ANG) reliably differentiated students who showed adequate response to intervention from students who did not show notable gains in decoding automaticity; and (2) positive linear associations between regional degree of activity at Time 1 and degree of change in reading fluency scores were restricted to the AR subgroup. Correlations between degree of activity and performance were stronger and more temporally persistent within the recorded epoch for pseudoword than for sight word reading fluency scores, further attesting to the process-specificity of the findings. These results were expected given the nature of the activation task, imposing significant demands for rapid visual/orthographic processing and decoding of meaningless, pronounceable letter-strings, while ensuring relatively high reading accuracy rates even among struggling readers. As with previous brain imaging studies of educational interventions on elementary school children (e.g., Hoeft, Ueno, et al., 2007; Odegard, Ring, Smith, Biggan, & Black, 2008; Shaywitz et al., 2004; Simos et al., 2002 Simos et al., , 2005 Temple et al., 2003) , as well as those conducted with adults (Eden et al., 2004) , our findings show that pre-existing neurophysiological activity in left temporo-parietal and inferior parietal cortex underlies successful remedial instruction.
Both groups of RD students in the present study appeared to be comparably engaged in the MEG activation task as indicated by similar levels of in-scanner performance (reading accuracy). Moreover, the two RD sub-groups were comparable on age, minority status, IQ, standardized word-level reading accuracy and fluency tests and on tests of spelling and text comprehension ability. In addition, all students received comparable amounts of remedial instruction, targeting word-and text-level reading skills. Thus, it appears that in children in advanced stages of reading acquisition (at least chronologically), temporoparietal and inferior parietal cortices in the left hemisphere maintain a crucial role in the brain mechanism that supports acquisition of elementary phonological decoding operations.
We also found that, at baseline, brain activation profiles in students who fail to respond to intervention resemble those which generally distinguish children experiencing difficulties in basic reading skills from NI students (Odegard et al., 2008; . This finding corroborates previous functional imaging reports of marked underactivation of left hemisphere temporo-parietal (STG: Shaywitz et al., 2002; SMG: Cao, Bitan, Chou, Burman, & Booth, 2006; Hoeft, Ueno, et al., 2007; Maisog et al., 2008 ; Simos, Fletcher, Sarkari, Billingsley, 
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R. Rezaie et al. et al., 2007; Simos et al., 2011; van der Mark et al., 2009; and ANG: Eden & Zeffiro, 1998; Temple et al., 2001 ) during phonological decoding tasks in struggling readers. These earlier results are presently extended to include middle-school, adolescent students who were initially recruited as at risk for academic failure rather than for well-defined core dyslexia deficits. Nevertheless, it is important to consider when interpreting the present findings that the two retrospectively determined subgroups of struggling readers presented with deficits in both basic reading skills and text comprehension. The current results also highlight an important source of individual differences among RD students, namely each student's potential to benefit from remedial instruction. This additional source of individual variability emerged as an important determinant of the magnitude of differences in the degree of regional activation between the RD and NI groups, with the majority of significant differences present between NI students and the subgroup of inadequate responders to intervention. Although group differences in peak latency of regional activity did not reach significance in the present study, it is worth noting that activity in the left hemisphere SMG and ANG accounting for individual differences in reading ability was restricted to specific latency windows. Moreover, correlational data highlight the importance of engagement of these regions in pseudoword reading starting as early as 200 ms after stimulus onset. Given the nature of the task and converging evidence that these regions host neurophysiological processes involved in converting print-to-sound, this finding may bear relevance within the broader context of aberrant functional connectivity in RD (during tasks emphasizing phonological assembly; Cao, Bitan, & Booth, 2008; Hampson et al., 2006; Horwitz, Rumsey, & Donohue, 1998; Pugh et al., 2000) . Thus the present finding is consistent with the notion that early engagement of the left SMG and ANG not only precedes inferior frontal activation, as shown previously using MEG (e.g., Marinković, 2004; Salmelin, Helenius, & Service, 2000) , but also provides neuronal input to IFG which is crucial for the overall efficiency of the reading circuit. Whereas this form of functional organization appears to be present in typically developing students, it may also be maintained in students who experience reading difficulties readily amenable to education remediation. It is thus possible that for children who fail to respond to intervention, neurophysiological processes in one or more temporoparietal areas are so severely deficient that the overall functionality of the brain circuit for reading cannot then become ''jump-started'' by remedial instruction. Alternatively, a more generalized dysfunction affecting additional circuits for various other cognitive functions may be present in these children, but at present we can only capture the deficit in the circuit responsible for decoding given the nature of the activation task used. This possibility is not very likely given that IR students performed at comparable levels to AR students on a variety of cognitive/language tasks that are part of the IQ tests they were administered.
There are several factors which could limit the impact of remedial instruction on brain function, particularly if the intervention itself does not yield robust results. In this study, the effects of the intervention in the larger educational study were small, a finding commonly encountered in remedial studies of older children with reading disabilities (Vaughn & Fletcher, in press ). The sample size in the imaging study was also small, but the students subsequently assigned to the AR group clearly exhibited a greater degree of pre-intervention activity in left temporo-parietal regions, relative to the IR group. The ultimate goal of brain imaging studies, however, is to describe the outline, and the typical and atypical function of the entire network of brain areas that enable reading acquisition. For this purpose it is imperative to examine patterns of structural and functional connections between key brain regions that constitute this network. Whereas some progress has recently been made, mainly through correlational analyses of hemodynamic data (e.g., Cao et al., 2008; Davis et al., 2010; Hampson et al., 2006; Horwitz et al., 1998; Pugh et al., 2000) , exploration of the relative timing of regional activation may provide crucial supplementary information. Given the nature of the relevant spatiotemporal data and also the extent of individual differences in demographics, educational history, cognitive abilities and basic patterns of brain activity, this enterprise requires very large samples (e.g., Shaywitz et al., 2004; Simos et al., 2011) .
Although the present results are promising, at the least, test-retest reliability studies are necessary to assess the stability of pre-intervention estimates of neurophysiological activity in key temporo-parietal areas. Nevertheless, the value of functional neuroimaging as a prognostic adjunct to standard behavioral measures in predicting the outcome of intervention in RD is emphasized by the recent development of objective data analytic techniques with the ability to accurately predict long-term reading gains (e.g., Hoeft et al., 2011) . Similarly, such methodological advances in the analysis of group-wise functional brain data have proven to be of value in differentiating between various diagnostic groups (e.g., Pollonini et al., 2010; Tsiaras et al., 2011) . This line of evidence further highlights the implications of brain-based research for the development of educational practices.
